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S10

a reset stage 1n which a first reset circuit supplies a signal at an
initialization signal terminal to a gate of the driving transistor in

response to a signal at a reset control signal termmnal

520

a light-detection stage in which a photoelectric conversion device
recerves incident light and generates an operating voltage after

photoelectric conversion of the incident light

S30

a threshold compensation stage 1n which a conduction control circuit
conducts the photoelectric conversion device with the drniving
transistor 1 response to a signal at a scan signal termunal; a threshold
compensation circuit conducts the gate of the dnving transistor with
the second electrode of the driving transistor in response to a signal at

a scan signal terminal

540

a read output stage 1n which a dnving transistor generates a detection
current according to an operating voltage photoelectrically converted
by the photoelectric conversion device; a read control circuit
conducts a first power supply terminal with a first electrode of the
dniving transistor and the second electrode of the driving transistor
with a read output termunal 1n response to a signal of a read control

signal terminal

Fig.3
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PHOTOELECTRIC CONVERSION CIRCUIT,
DRIVING METHOD, PHOTOELECTRIC

DETECTION SUBSTRATE, AND
PHOTOELECTRIC DETECTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims priority under 335
US.C 119 to Chinese Patent Application No.
202011361232.1, filed on Nov. 27, 2020, in the China
National Intellectual Property Administration. The entire
disclosure of the above application 1s incorporated herein by
reference.

FIELD

The present disclosure relates to the field of photoelectric
technology, 1n particular to a photoelectric conversion cir-
cuit, a driving method, a photoelectric detection substrate,
and a photoelectric detection device.

BACKGROUND

With the development of technology, 1mage sensors have
been widely used. A photodiode L 1s generally provided in
the 1image sensor to collect a light signal by the photodiode
L. and perform photoelectric conversion to convert the light
signal into an electric signal. In general, a driving transistor
MO used 1n conjunction with the photodiode L may be
provided to convert an electrical signal converted by the
photodiode L into a current signal and then the driving
transistor M0 outputs the current signal to a driving IC
(Integrated Circuit). Later, the driving 1C performs process-
ing according to the received current signal.

SUMMARY

Embodiments of the present disclosure provide a photo-

clectric conversion circuit, including:

a photoelectric conversion device, configured to receive
incident light and generate an operating voltage after
photoelectric conversion of the incident light;

a driving transistor, configured to generate a detection
current according to the operating voltage photoelec-
trically converted by the photoelectric conversion
device;

a first reset circuit, configured to supply a signal of an
initialization signal terminal to a gate of the drniving
transistor 1n response to a signal of a reset control signal
terminal;

a conduction control circuit, configured to conduct the
photoelectric conversion device with the driving tran-
sistor 1n response to a signal at a scan signal terminal;

a threshold compensation circuit, configured to conduct
the gate of the driving transistor with a second elec-
trode of the driving transistor in response to the signal
at the scan signal terminal; and

a read control circuit, configured to conduct a first power
supply terminal with a first electrode of the driving
transistor and the second electrode of the driving tran-
sistor with a read output terminal in response to a signal
of a read control signal terminal.

In some embodiments, the conduction control circuit

includes: a first transistor;

a gate of the first transistor 1s electrically connected to the
scan signal terminal, a first electrode of the first tran-
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2

sistor 1s electrically connected to the photoelectric
conversion device, and a second electrode of the first
transistor 1s electrically connected to a first electrode of
the driving transistor.

In some embodiments, the threshold compensation circuit
includes: a second transistor;

a gate of the second transistor 1s electrically connected to
the scan signal terminal, a first electrode of the second
transistor 1s electrically connected to a gate of the
driving transistor, and a second electrode of the second
transistor 1s electrically connected to a second electrode
of the driving transistor.

In some embodiments, the first reset circuit includes: a

third transistor;

a gate of the third transistor 1s electrically connected to the
reset control signal terminal, a first electrode of the
third transistor 1s electrically connected to the initial-
ization signal terminal, and a second electrode of the
third transistor 1s electrically connected to the gate of
the driving transistor.

In some embodiments, the read control circuit includes:

fourth and fifth transistors:

a gate of the fourth transistor 1s electrically connected to
the read control signal terminal, a first electrode of the
fourth transistor is electrically connected to the first
power supply terminal, and a second electrode of the
fourth transistor 1s electrically connected to a first
clectrode of the drniving transistor;

a gate of the fifth transistor 1s electrically connected to the
read control signal terminal, a first electrode of the fifth
transistor 1s electrically connected to a second electrode
of the driving transistor, and a second electrode of the
fifth transistor 1s electrically connected to the read
output terminal.

In some embodiments, the photoelectric conversion cir-

cuit further includes: a storage capacitor;

a first electrode plate of the storage capacitor i1s electri-
cally connected to the first power supply terminal, and
a second electrode plate of the storage capacitor is
clectrically connected to a gate of the driving transistor.

In some embodiments, the photoelectric conversion cir-
cuit further includes: a sixth transistor; wherein a gate of the
sixth transistor 1s electrically connected to the reset control
signal terminal, a first electrode of the sixth transistor 1s
clectrically connected to a reference signal terminal, and a
second electrode of the sixth transistor i1s electrically con-
nected to the photoelectric conversion device.

Embodiments of the present disclosure provide a photo-
clectric detection substrate, including: a base substrate, a
plurality of detection units; wherein the plurality of detec-
tion units are arranged on the base substrate in an array; and

cach of the detection units includes the photoelectric
conversion circuit.

In some embodiments, the photoelectric detection sub-
strate further includes a plurality of scan signal lines, a
plurality of reset control signal lines, and a plurality of read
control signal lines positioned on the base substrate and
spaced apart from one another; wherein one row of the
detection units correspond to one scan signal line, one reset
control signal line, and one read control signal line;

reset control signal terminals of the photoelectric conver-
sion circuits 1 each row of the detection units are
clectrically connected to a corresponding reset control
signal line;

scan signal terminals of the photoelectric conversion
circuits 1n each row of the detection units are electri-
cally connected to a corresponding scan signal line; and
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read control signal terminals of the photoelectric conver-
sion circuits 1 each row of the detection units are
clectrically connected to a corresponding read control
signal line.

In some embodiments, the photoelectric detection sub-
strate further includes a plurality of read output lines
arranged on the base substrate and spaced apart from one
another; wherein one column of the detection units corre-
sponds to one read output line;

the read output terminals of the photoelectric conversion
circuits 1n each column of the detection units are
clectrically connected to a corresponding read output
line.

Embodiments of the present disclosure provide a photo-
clectric detection device that includes the photoelectric
detection substrate described above.

In some embodiments, a detection circuit 1s further
included;

the detection circuit includes a plurality of read circuits;
wherein a column of the detection units correspond to
one of the read circuits;

the read output terminals of the photoelectric conversion
circuits 1 each column of the detection units are
clectrically connected to a corresponding read circuit
through a read output line.

According to an embodiment of the present disclosure, a
method for driving a photoelectric conversion circuit 1s
provided, including:

a reset stage 1n which a first reset circuit supplies a signal
at an itialization signal terminal to a gate of the
driving transistor in response to a signal at a reset
control signal terminal;

a light-detection stage of recerving, by the photoelectric
conversion device, incident light and generating an
operating voltage after photoelectric conversion of the
incident light;

a threshold compensation stage of conducting, by the
conduction control circuit, the photoelectric conversion
device with the driving transistor 1n response to a signal
at a scan signal terminal; conducting, by the threshold
compensation circuit, the gate of the driving transistor
with the second electrode of the driving transistor in
response to a signal at the scan signal terminal; and

a read output stage of generating, by the driving transistor,
a detection current according to an operating voltage
photoelectrically converted by the photoelectric con-
version device; conducting, by the read control circuit,
a first power supply terminal with the first electrode of
the driving transistor and conducing the second elec-

trode of the driving transistor with a read output 1n
response to a signal from a read control signal terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram illustrating a structure of a
photoelectric conversion circuit 1n an embodiment of the
present disclosure;

FIG. 2 1s a schematic diagram 1llustrating some specific
structures of the photoelectric conversion circuit 1 an
embodiment of the present disclosure;

FIG. 3 1s a tlow diagram illustrating a method for driving
the photoelectric conversion circuit 1n an embodiment of the
present disclosure;

FI1G. 4 1s a signal timing diagram in an embodiment of the
present disclosure;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 5 1s a schematic diagram illustrating other specific
structures of a photoelectric conversion circuit in an embodi-

ment of the present disclosure;

FIG. 6 1s a schematic diagram 1illustrating a specific
structure of a photoelectric detection substrate 1n an embodi-
ment of the present disclosure; and

FIG. 7 1s a schematic diagram 1illustrating a specific
structure of a photoelectric detection device 1n an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

In order to make the objectives, solutions and advantages
of embodiments of the present disclosure more clear, solu-
tions of embodiments of the present disclosure will now be
clearly and completely described in conjunction with the
accompanying drawings ol embodiments of the present
disclosure. Clearly, the described embodiments are some,
but not all, embodiments of the disclosure. The embodi-
ments ol the disclosure and features of the embodiments
may be combined with each other without conflict. Based on
the described embodiments of the present disclosure, all
other embodiments obtained by those of ordinary skill 1n the
art without inventive eflfort shall fall within the scope of
protection of the present disclosure.

Unless otherwise defined, technical or scientific terms
used 1n the present disclosure should have a general meaning
understood by those of ordinary skill 1n the art to which the
present invention pertains. The terms “first,” “second,” and
the like used 1n the present disclosure do not denote any
order, quantity, or importance, but are only used to distin-
guish diflerent components. Similar words such as “includ-
ing” or “comprising” mean that the elements or objects
appearing before the word cover the enumerated elements or
objects appearing after the word and their equivalents,
without excluding other elements or objects. Words like
“connected” or “connecting” are not limited to physical or
mechanical connections, but may include electrical connec-
tions, whether direct or indirect.

It should be noted that the sizes and shapes of the figures
in the drawings do not reflect a true scale, but are merely
illustrative of the disclosure. The same or similar reference
numerals throughout refer to the same or similar elements or
clements having the same or similar function.

Embodiments of the present disclosure provide a photo-
electric conversion circuit, as shown in FIG. 1, and the
circuit may include:

an photoelectric conversion device 50, configured to
receive incident light and generate an operating voltage
after photoelectric conversion of the icident light;

a driving transistor M0, configured to generate a detection
current according to the operating voltage photoelec-
trically converted by the photoelectric conversion
device 50;

a first reset circuit 10, configured to supply a signal of an
initialization signal terminal VINIT to a gate of the
driving transistor M0 1n response to a signal of a reset
control signal terminal RST;

a conduction control circuit 20, configured to conduct the
photoelectric conversion device 50 with the driving
transistor M0 1n response to a signal at a scan signal
terminal GA;

a threshold compensation circuit 30, configured to con-
duct the gate of the driving transistor M0 with a second
clectrode of the driving transistor M0 1n response to the
signal at the scan signal terminal GA; and
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a read control circuit 40, configured to conduct the first
power supply terminal VDD with a first electrode of the
driving transistor M0 and the second electrode of the
driving transistor M0 with a read output terminal VOT
in response to a signal of a read control signal terminal

VR.

An embodiment of the present disclosure provides a
photoelectric conversion circuit that can initialize the gate of
the driving transistor M0 by supplying the signal of the
initialization signal terminal VINIT to the gate of the driving
transistor MO0 1n response to the signal of the reset control
signal terminal RST through the first reset circuit 10. The
threshold voltage of the driving transistor M0 may be
compensated by conducting the photoelectric conversion
device 50 with the driving transistor M0 1n response to the
signal at the scan signal terminal GA by the conduction
control circuit 20, and conducting the gate of the driving
transistor M0 and the second electrode of the driving tran-
sistor MO by the threshold compensation circuit 30 1n
response to the signal at the scan signal terminal GA.
Thereaftter, the signal of the read control signal terminal VR
may be responded to by the read control circuit 40, the first
power supply terminal VDD 1s conducted with the first
clectrode of the driving transistor M0, and the second
electrode of the driving transistor M0 1s conducted with the
read output terminal VOT, so that the threshold voltage
compensated signal generated by the driving transistor M0
can be output to the read output terminal VOT, which 1n turn
can ameliorate the problem of variability in the output
current signal due to the difference in uniformity of the
threshold voltage Vth of the driving transistor.

In some embodiments of the present disclosure, the pho-
toelectric conversion device 50 may be a photodiode L. A
positive electrode of the photodiode L i1s electrically con-
nected to the conduction control circuit 20, and the negative
clectrode of the photodiode L 1s electrically connected to a
bias voltage terminal VB. Alternatively, a negative electrode
of the photodiode L may be electrically connected to the
conduction control circuit 20 and the positive electrode of
the photodiode L may be electrically connected to the bias
voltage terminal VB. In this way, a bias voltage can be
provided for the photodiode L via the bias voltage terminal
VB. Exemplarily, the photoelectric conversion device 50
may be a PIN photodiode L.

It should be noted that the voltage of the bias voltage
terminal VB can be changed such that the positive electrode
of the photodiode L can be connected to the bias voltage
terminal VB, or the positive electrode of the photodiode L 1s
connected to the bias voltage terminal VB. Of course, the
specific voltage value of the bias voltage terminal VB can be
determined by design according to the requirements of the
actual application and 1s not limited herein.

In some embodiments of the present disclosure, as shown
in FIG. 1, the driving transistor M0 may be a P-type
transistor; wherein a first electrode of the driving transistor
MO 1s a source electrode and a second electrode of the
driving transistor M0 1s a drain electrode, and current tlows
from the source electrode of the driving transistor M0 to 1ts
drain electrode when the driving transistor M0 1s 1n satura-
tion.

Of course, 1n specific implementation, the driving tran-
sistor M0 may also be an N-type transistor in embodiments
of the present disclosure; wherein a first electrode of the
driving transistor M0 1s a drain electrode and a second
clectrode of the driving transistor M0 1s 1ts source electrode,
and current flows from the drain electrode of the driving
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transistor M0 to its source electrode when the drniving
transistor M0 1s 1n saturation.

In some embodiments of the present disclosure, as shown
in FIG. 2, the conduction control circuit 20 may include: a
first transistor M1; wherein a gate of the first transistor M1
1s electrically connected to the scan signal terminal GA, a
first electrode of the first transistor M1 1s electrically con-
nected to the photoelectric conversion device 50, and a
second electrode of the first transistor M1 1s electrically
connected to a {first electrode of the driving transistor M0.
For example, a first electrode of the first transistor M1 1s

clectrically connected to a positive electrode of the photo-
diode L.

In some embodiments of the present disclosure, as shown
in FIG. 2, the threshold compensation circuit 30 may
include: a second transistor M2; wherein, a gate of the
second transistor M2 1s electrically connected to the scan
signal terminal GA, a first electrode of the second transistor
M2 1s electrically connected to the gate of the driving
transistor M0, and a second electrode of the second transis-
tor M2 1s electrically connected to the second electrode of
the driving transistor MO.

In some embodiments of the present disclosure, as shown
in FIG. 2, the first reset circuit 10 may include: a third
transistor M3; wherein, a gate of the third transistor M3 1s
clectrically connected to the reset control signal terminal
RST, a first electrode of the third transistor M3 1s electrically
connected to the 1mitialization signal terminal VINIT, and a
second electrode of the third transistor M3 1s electrically
connected to the gate of the driving transistor MO.

In some embodiments of the present disclosure, as shown
in F1G. 2, the read control circuit 40 may include: fourth and
fifth transistors M4, MS5; wherein, a gate of the fourth
transistor M4 1s electrically connected to the read control
signal terminal VR, a first electrode of the fourth transistor
M4 1s electrically connected to the first power supply
terminal VDD, and a second electrode of the fourth transis-
tor M4 1s electrically connected to the first electrode of the
driving transistor M0. A gate of the {ifth transistor M5 1s
clectrically connected to the read control signal terminal VR,
a first electrode of the fifth transistor M5 1s electrically
connected to the second electrode of the driving transistor
MO, and a second electrode of the fifth transistor M5 1s
clectrically connected to the read output terminal VOT.

In some embodiments of the present disclosure, as shown
in FIG. 2, the photoelectric conversion circuit may further
include: a storage capacitor CST;, wherein, a first electrode
plate of the storage capacitor CST 1s electrically connected
to the first power supply terminal VDD and a second
clectrode plate of the storage capacitor CST 1s electrically
connected to the gate of the driving transistor MO.

Alternatively, in order to reduce the fabrication process, 1n
specific implementation, the first transistor to the fifth tran-
sistor M5 may each be a P-type transistor in an embodiment
of the present disclosure, as shown 1n FIG. 2. Of course, the
first transistor to the fifth transistor M3 may also all be
N-type transistors, which may also be determined by design
depending on the actual application environment, which 1s
not limited here.

Further, 1n some embodiments of the present disclosure,
the P-type transistor 1s cut ofl by a high level signal and
conducted by a low level signal. An N-type transistor is
conducted by a high-level signal and cut off by a low-level
signal.

It should be noted that the transistors mentioned 1n the
above embodiments of the present disclosure may be Thin
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Film Transistors (TFTs) or Metal Oxide Semiconductors
(MOSs), which 1s not limited here.

In specific implementation, depending on the type of
transistor and the signal of its gate, a first electrode of the
transistor may be used as 1ts source electrode and a second
clectrode as its drain electrode; alternatively, and vice versa,
the transistor has 1ts first electrode as its drain electrode and
its second electrode as its source electrode, which can be
determined by design according to the actual application
context, and 1s not particularly distinguished here.

The above 1s merely exemplary of the specific structure of
cach of the photoelectric conversion circuits provided by
embodiments of the present disclosure. In particular, the
specific structure of the above-described circuit 1s not lim-
ited to the above-described structure provided by the
embodiment of the present disclosure, but may be any other
structure known to those skilled 1n the art, which 1s within
the scope of protection of the present disclosure and are
specifically not limited herein.

Embodiments of the present disclosure also provide a
method for driving the photoelectric conversion circuit
described above, as shown in FIG. 3, may include the
following steps:

S10, a reset stage i which the first reset circuit 10
supplies the signal of the mitialization signal terminal
VINIT to the gate of the driving transistor M0 1n
response to the signal of the reset control signal termi-
nal RST;

S20, a light-detection stage 1n which the photoelectric
conversion device 50 receives incident light and gen-
crates an operating voltage after photoelectric conver-
sion of the incident light;

S30, a threshold compensation stage in which the con-
duction control circuit 20 conducts the photoelectric
conversion device 30 with the driving transistor M0 1n
response to the signal at the scan signal terminal GA;
the threshold compensation circuit 30 conducts the gate
of the driving transistor M0 with the second electrode
of the driving transistor M0 1n response to the signal at
the scan signal terminal GA; and

S40, a read output stage in which the driving transistor
MO generates a detection current according to an oper-
ating voltage photoelectrically converted by the pho-
toelectric conversion device 50; the read control circuit
40 conducts the first power supply terminal VDD with
the first electrode of the driving transistor M0 and the
second electrode of the driving transistor M0 with the
read output terminal VOT 1n response to the signal of
the read control signal terminal VR.

The operation of the above-described photoelectric con-
version circuit according to an embodiment of the present
disclosure will be described below by using the photoelec-
tric conversion circuit shown in FIG. 2 as an example with
reference to the signal timing diagram shown in FIG. 4. As
shown 1n FIG. 4, rst represents a signal at the reset control
signal terminal RST, ga represents a signal at the scan signal
terminal GA, and vr represents a signal at the read control
signal terminal VR. Furthermore, the operation of one
photoelectric conversion circuit 1n one display frame may
include a reset stage 11, a light-detection stage T2, a
threshold compensation stage T3, and a read output stage
14.

In the reset stage T1, the third transistor M3 1s conducted
under the control of a low level of the signal rst to supply the
signal of the mitialization signal terminal VINIT to the gate
of the driving transistor M0 to bring the voltage of the gate
of the driving transistor M0 to Vinit to initialize the gate of
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the driving transistor M0. Furthermore, the first transistor
M1 and the second transistor M2 are both cut off under
control of the hligh level of the signal ga. The fourth
transistor M4 and the fifth transistor M5 are both cut ofl
under the control of the high level of the signal vr.

In the light-detection stage 12, both the first transistor M1
and the second transistor M2 are cut off under control of the
high level of the signal ga. The fourth transistor M4 and the
fifth transistor M5 are both cut off at the control of the high
level of the signal vr. The third transistor M3 is cut off under
the control of the high level of the signal rst. The photodiode
L. receives an optical signal of incident light to photoelec-
trically convert the received incident light to generate an
operating voltage to enable the photodiode L to perform a
collection process of charge.

In the threshold compensation stage T3, the first transistor
M1 1s conducted under the control of the low level of the
signal ga to conduct the positive electrode of the photodiode
L. with the first electrode of the driving transistor M0 so as
to supply the operating voltage VL generated by the pho-
todiode L to the first electrode of the driving transistor M0
so that the voltage of the first electrode of the driving
transistor MO0 1s VL. In addition, the second transistor M2 1s
conducted under control of the low level of the signal ga, so
that the drniving transistor M0 forms a diode connection
manner, so that the voltage VL of the first electrode of the
driving transistor M0 charges the gate of the driving tran-
sistor M0, the voltage of the gate of the driving transistor M0
1s VL+Vth, and 1s stored by the storage capacitor CST. The
fourth transistor M4 and the fifth transistor M5 are cut off
under the control of the high level of the signal vr. The third
transistor M3 1s cut ofl under the control of the high level of
the signal rst.

In the read output stage T4, the fourth transistor M4 1s
conducted under the control of the low level of the signal vr,
the conducted fourth transistor M4 may supply the voltage
Vdd of the first power supply terminal VDD to the first
clectrode of the driving transistor M0, so that the voltage of
the first electrode of the driving transistor M0 1s Vdd. This
may put the driving transistor M0 1n saturation, thereby

causing the driving transistor M0 to produce a detection
current Ids: Ids=K(VL-Vdd)”. The fifth transistor M5 is
conducted under the control of the low level of the signal vr,
the conducted fifth transistor M5 may conduct the second
clectrode of the driving transistor M0 with the read output
terminal VOT to output the detection current Ids by con-
duction of the read output terminal VOT. K 1s a structural
constant related to the process and design. The first transistor
M1 and the second transistor M2 are cut ofl under the
control of a hlgh level of the signal ga, and the third
transistor M3 1s cut ofl under the control of a high level of
the signal rst.

By the above formula Ids=K(VL-Vdd)®, the detection
current Ids generated by the drniving transistor MO0 1s only
related to the voltage Vdd and the voltage VL, and 1s
independent of the threshold voltage Vth of the driving
transistor M0, and the influence on the detection current due
to the shift in the threshold voltage Vth of the driving
transistor MO can be solved, so that the detection current
remains stable and thus the accuracy of the result 1s guar-
anteed.

Embodiments of the present disclosure provide yet further
photoelectric conversion circuits having a structural sche-
matic diagram as shown in FIG. 5, which are modified for

implementation in embodiments described above. Only the
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differences of the present embodiment from the above-
described embodiments will now be described, and the same
will not be repeated here.

In some embodiments of the present disclosure, as shown
in FIG. 5, the photoelectric conversion circuit may further
include: a sixth transistor M6; wherein, a gate of the sixth
transistor M6 1s electrically connected to the reset control
signal terminal RST, a first electrode of the sixth transistor
M6 1s electrically connected to the reference signal terminal,
and a second electrode of the sixth transistor M6 is electri-
cally connected to the photoelectric conversion device 50.
For example, the second electrode of the sixth transistor M6
1s electrically connected to the positive electrode of the
photodiode L.

A signal timing diagram corresponding to the photoelec-
tric conversion circuit shown in FIG. 5 1s shown 1n FIG. 4.
Only the differences between the operation process of the
photoelectric conversion circuit illustrated in FIG. 5 and that
of the above-described embodiment will be described below,
and the same will not be repeated.

In the reset stage 11, the sixth transistor M6 1s conducted
under the control of the low level of the signal rst to supply
the signal at the reference signal terminal to the positive
clectrode of the photodiode L to reset the positive electrode
of the photodiode L.

In the light detection stage 12, the threshold compensa-
tion stage 13, and the read output stage T4, the sixth
transistor M6 1s cut off under control of the high level of the
signal rst.

Embodiments of the present disclosure also provide a
photoelectric detection substrate, as shown 1n FIG. 6, which
may include: a base substrate 100, a plurality of detection
units 110; wherein, the plurality of the detection units 110
are arranged on the base substrate 100 in an array. Each of
the detection units includes the photoelectric conversion
circuit. It should be noted that the specific structure and
operation of the photoelectric conversion circuit can refer to
the above-described embodiments, which are not repeated
here.

It should be noted that FIG. 6 1s schematic by only using
the photoelectric conversion circuit illustrated 1n FIG. 5 as
an example.

In some embodiments, the photoelectric detection sub-
strate further includes a plurality of scan signal lines GAL,
a plurality of reset control signal lines RSTL, and a plurality
of read control signal lines VRL located on the base sub-
strate and spaced apart from one another, as shown 1n FIG.
6; wherein, one scan signal line GAL, one reset control
signal line RSTL, and one read control signal line VRL
correspond to one row of detection units. The reset control
signal terminals RS'T of the photoelectric conversion circuits
in each row of detection units are electrically connected to
a corresponding reset control signal line RSTL, the scan
signal terminals GA of the photoelectric conversion circuits
in each row of detection units are electrically connected to
a corresponding scan signal line GAL, and the read control
signal terminals VR of the photoelectric conversion circuits
in each row of detection units are electrically connected to
a corresponding read control signal line VRL. In this way, a
signal can be transmitted to a corresponding electrically
connected photoelectric conversion circuit through the reset
control signal line RSTL, the scan signal line GAL, and the
read control signal line VRL.

Exemplarily, at least two of the scan signal line GAL, the
reset control signal line RSTL, and the read control signal
line VRL may be arranged 1n the same layer. In this way, a
pattern of the scan signal line GAL, the reset control signal
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line RSTL, and the read control signal line VRL can be
formed by using a one-time patterning process.

In some embodiments of the disclosure, as shown 1n FIG.
6, the photoelectric detection substrate further includes a
plurality of read output lines VOL located on the base
substrate and spaced apart from one another; wherein one
column of detection units corresponds to one read output
line VOL; the read output terminals VOT of the photoelec-
tric conversion circuits in each column of detection units are
clectrically connected to a corresponding read output line
VOL. This can transier the detection current generated by
the driving transistor M0 out through the read output line
VOL.

In some embodiments of the present disclosure, as shown
in FIG. 6, the photoelectric detection substrate turther com-
prises a plurality of first supply signal lines VDL and a
plurality of bias voltage signal lines VBL positioned on the
base substrate and spaced apart from one another; wherein
a column of detection units correspond to one first power

supply signal line VDL and one bias voltage signal line
VBL; the first power supply terminals VDD of the photo-
clectric conversion circuits in each column of detection units
are electrically connected to a corresponding {first power
supply signal line VDL, and the bias voltage signal terminals
of the photoelectric conversion circuits 1n each column of
detection units are electrically connected to a corresponding
bias voltage signal line VBL. In this way, signals can be
transmitted through the first power signal line VDL and the
bias voltage signal line VBL to corresponding electrically
connected photoelectric conversion circuits.

Exemplarily, at least two of the read output line VOL, the
first power supply signal line VDL, and the bias voltage
signal line VBL can be arranged 1n a same layer. In this way
a pattern can be formed by using a one-time patterning
Process.

Embodiments of the present disclosure also provide a
photoelectric detection device including the above-de-
scribed photoelectric  detection substrate provided by
embodiments of the present disclosure. The principle of
solving the problem of the photoelectric detection device 1s
similar to that of the aforementioned photoelectric detection
substrate, and thus the implementation of the photoelectric
detection device can refer to the implementation of the
alforementioned photoelectric detection substrate, and the
repetition 1s not repeated here.

In some embodiments of the disclosure, as shown 1n FIG.
7, the photoelectric detection device may further include: a
detection circuit; wherein the detection circuit includes a
plurality of read circuits 210; one column of detection units
corresponds to one read circuit 210; the read output termi-
nals VOT of the photoelectric conversion circuits i each
column of detection units are electrically connected to a
corresponding read circuit through a read output line VOL.

Exemplarily, the read circuit 210 may include an opera-
tional amplifier U0; wherein a first input terminal of the
operational amplifier U0 1s electrically connected to the
corresponding read output line VOL, a second input terminal
of the operational amplifier U0 1s electrically connected to
the reference voltage terminal V0, and an output terminal of
the operational amplifier U0 1s electrically connected to the
data transmission terminal VSO. The data transmission end
VSO 1s electrically connected to a data processing unit. The
data processing unmit may perform analysis processing
according to the signal output by the operational amplifier
U0 to achieve output of a detection image.

In some embodiments of the disclosure, the photoelectric
detection device may be an 1mage sensor. Exemplarily, the
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photoelectric detection device may be used for fingerprint
detection. For example, the photoelectric detection device
can be a mobile phone, a tablet, a television, a display, a
laptop, a digital photo frame, a navigator, or any product or
component having a display function and a fingerprint
detection function. Other essential components to the device
will be understood by those of ordinary skill 1n the art and
will not be described herein and should not be taken as a
limitation on the present disclosure.

The photoelectric conversion circuit, the driving method,
the photoelectric detection substrate, and the photoelectric
detection device provided by embodiments may supply a
signal of an initialization signal terminal VINIT to the gate
of the driving transistor M0 in response to a signal of the
reset control signal terminal RST by the first reset circuit 10
to mitialize the gate of the driving transistor M0. The
threshold voltage of the driving transistor M0 may be
compensated by conducting the photoelectric conversion
device 50 with the driving transistor M0 1n response to the
signal at the scan signal terminal GA by the conduction
control circuit 20, and conducting the gate of the drniving
transistor M0 and the second electrode of the driving tran-
sistor MO by the threshold compensation circuit 30 1n
response to the signal at the scan signal terminal GA.
Thereatter, the signal of the read control signal terminal VR
may be responded to by the read control circuit 40, the first
power supply terminal VDD 1s conducted with the first
clectrode of the driving transistor M0, and the second
clectrode of the driving transistor M0 1s conducted with the
read output terminal VOT, so that the threshold voltage
compensated signal generated by the driving transistor M0
can be output to the read output terminal VOT, which in turn
can ameliorate the problem of variability in the output
current signal due to the difference in uniformity of the
threshold voltage Vth of the driving transistor.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the present
disclosure without departing from the spirit and scope of the
disclosure. Thus the disclosure 1s also mtended to encom-
pass such modifications and vanations provided that they
tall within the scope of the claims of the invention and their
equivalents.

What 1s claimed 1s:

1. A photoelectric conversion circuit, comprising:

a photoelectric conversion device, configured to receive
incident light and generate an operating voltage after
photoelectric conversion of the incident light;

a driving transistor, configured to generate a detection
current according to the operating voltage photoelec-
trically converted by the photoelectric conversion
device;

a first reset circuit, configured to supply a signal of an
initialization signal terminal to a gate of the driving
transistor 1n response to a signal of a reset control signal
terminal;

a conduction control circuit, configured to conduct the
photoelectric conversion device with the drniving tran-
sistor 1n response to a signal at a scan signal terminal;

a threshold compensation circuit, configured to conduct
the gate of the driving transistor and a second electrode
of the driving transistor 1n response to the signal at the
scan signal terminal; and

a read control circuit, configured to conduct a first power
supply terminal with a first electrode of the driving
transistor and conduct the second electrode of the
driving transistor with a read output terminal, 1n
response to a signal of a read control signal terminal.
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2. The photoelectric conversion circuit according to claim
1, wherein the conduction control circuit comprises: a first
transistor; and

a gate of the first transistor 1s electrically connected to the
scan signal terminal, a first electrode of the first tran-
sistor 1s electrically connected to the photoelectric
conversion device, and a second electrode of the first
transistor 1s electrically connected to a first electrode of
the driving transistor.

3. The photoelectric conversion circuit according to claim

1, wherein the threshold compensation circuit comprises: a
second transistor; and

a gate of the second transistor 1s electrically connected to
the scan signal terminal, a first electrode of the second
transistor 1s electrically connected to a gate of the
driving transistor, and a second electrode of the second
transistor 1s electrically connected to a second electrode
of the driving transistor.

4. The photoelectric conversion circuit according to claim

1, wherein the first reset circuit comprises: a third transistor;
and

a gate of the third transistor 1s electrically connected to the
reset control signal terminal, a first electrode of the
third transistor 1s electrically connected to the initial-
ization signal terminal, and a second electrode of the
third transistor 1s electrically connected to the gate of
the driving transistor.

5. The photoelectric conversion circuit according to claim

1, wherein the read control circuit comprises: a fourth
transistor and a fifth transistor;

a gate of the fourth transistor 1s electrically connected to
the read control signal terminal, a first electrode of the
fourth transistor is electrically connected to the first
power supply terminal, and a second electrode of the
fourth transistor 1s electrically connected to a first
clectrode of the driving transistor; and

a gate of the fifth transistor 1s electrically connected to the
read control signal terminal, a first electrode of the fifth
transistor 1s electrically connected to a second electrode
of the driving transistor, and a second electrode of the
fifth transistor 1s electrically connected to the read
output terminal.

6. The photoelectric conversion circuit according to claim

1, further comprising: a storage capacitor; and

a first electrode plate of the storage capacitor 1s electri-
cally connected to the first power supply terminal, and
a second electrode plate of the storage capacitor is
clectrically connected to a gate of the driving transistor.

7. The photoelectric conversion circuit according to claim

1, further comprising: a sixth transistor; wherein a gate of
the sixth transistor 1s electrically connected to the reset
control signal terminal, a first electrode of the sixth transistor
1s electrically connected to a reference signal terminal, and
a second eclectrode of the sixth transistor 1s electrically
connected to the photoelectric conversion device.

8. A method for driving the photoelectric conversion

circuit according to claim 1, comprising:

a reset stage of supplying, by the first reset circuit, a signal
at an mitialization signal terminal to the gate of the
driving transistor 1 response to a signal at a reset
control signal terminal;

a light-detection stage of receiving, by the photoelectric
conversion device, incident light and generating an
operating voltage after photoelectric conversion of the
incident light;

a threshold compensation stage of conducting, by the
conduction control circuit, the photoelectric conversion
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device with the driving transistor 1n response to a signal
at a scan signal terminal; conducting, by the threshold
compensation circuit, the gate of the driving transistor
with the second electrode of the driving transistor in
response to a signal at a scan signal terminal; and

a read output stage of generating, by the driving transistor,
a detection current according to an operating voltage
photoelectrically converted by the photoelectric con-
version device; conducting, by the read control circuit,
a first power supply terminal with a first electrode of the
driving transistor and conducting the second electrode
of the driving transistor with a read output terminal 1n
response to a signal of a read control signal terminal.

9. A photoelectric detection substrate, comprising: a base
substrate and a plurality of detection units; wherein the
plurality of detection units are arranged on the base substrate
in an array; and

cach of the detection units comprises a photoelectric
conversion circuit, wherein the photoelectric conver-
s10n circult comprises:

a photoelectric conversion device, configured to receive
incident light and generate an operating voltage after
photoelectric conversion of the incident light;

a driving transistor, configured to generate a detection
current according to the operating voltage photoelec-
trically converted by the photoelectric conversion
device;

a first reset circuit, configured to supply a signal of an
initialization signal terminal to a gate of the driving
transistor 1n response to a signal of a reset control signal
terminal;

a conduction control circuit, configured to conduct the
photoelectric conversion device with the driving tran-
sistor 1n response to a signal at a scan signal terminal;

a threshold compensation circuit, configured to conduct
the gate of the driving transistor and a second electrode
of the driving transistor 1n response to the signal at the
scan signal terminal; and

a read control circuit, configured to conduct a first power
supply terminal with a first electrode of the dniving
transistor and conduct the second electrode of the
driving transistor with a read output terminal, 1n
response to a signal of a read control signal terminal.

10. The photoelectric detection substrate according to
claim 9, wherein the conduction control circuit comprises: a
first transistor; and

a gate of the first transistor 1s electrically connected to the
scan signal terminal, a first electrode of the first tran-
sistor 1s electrically connected to the photoelectric
conversion device, and a second electrode of the first
transistor 1s electrically connected to a first electrode of
the driving transistor.

11. The photoelectric detection substrate according to
claim 9, wherein the threshold compensation circuit com-
prises: a second transistor; and

a gate ol the second transistor 1s electrically connected to
the scan signal terminal, a first electrode of the second
transistor 1s electrically connected to a gate of the
driving transistor, and a second electrode of the second
transistor 1s electrically connected to a second electrode
of the driving transistor.

12. The photoelectric detection substrate according to
claiam 9, wherein the first reset circuit comprises: a third
transistor; and

a gate of the third transistor 1s electrically connected to the
reset control signal terminal, a first electrode of the
third transistor 1s electrically connected to the initial-
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1zation signal terminal, and a second electrode of the
third transistor 1s electrically connected to the gate of
the driving transistor.

13. The photoelectric detection substrate according to
claim 9, wherein the read control circuit comprises: a fourth
transistor and a fifth transistor;

a gate of the fourth transistor 1s electrically connected to
the read control signal terminal, a first electrode of the
fourth transistor is electrically connected to the first
power supply terminal, and a second electrode of the
fourth transistor 1s electrically connected to a first
clectrode of the driving transistor; and

a gate of the fifth transistor 1s electrically connected to the
read control signal terminal, a first electrode of the fifth
transistor 1s electrically connected to a second electrode
of the driving transistor, and a second electrode of the
fifth transistor 1s electrically connected to the read
output terminal.

14. The photoelectric detection substrate according to
claim 9, wherein the photoelectric conversion circuit further
comprises: a storage capacitor; and

a first electrode plate of the storage capacitor i1s electri-
cally connected to the first power supply terminal, and
a second electrode plate of the storage capacitor is
clectrically connected to a gate of the driving transistor.

15. The photoelectric detection substrate according to
claim 9, wherein the photoelectric conversion circuit further
comprises: a sixth transistor; wherein a gate of the sixth
transistor 1s electrically connected to the reset control signal
terminal, a first electrode of the sixth transistor 1s electrically
connected to a reference signal terminal, and a second
clectrode of the sixth transistor i1s electrically connected to
the photoelectric conversion device.

16. The photoelectric detection substrate according to
claim 9, further comprising a plurality of scan signal lines,
a plurality of reset control signal lines, and a plurality of read
control signal lines positioned on the base substrate and
spaced apart from one another; wherein one row of the
detection units correspond to one scan signal line, one reset
control signal line, and one read control signal line;

reset control signal terminals of the photoelectric conver-
sion circuits in each row of the detection units are
clectrically connected to a corresponding reset control
signal line;

scan signal terminals of the photoelectric conversion
circuits 1n each row of the detection units are electri-
cally connected to a corresponding scan signal line; and

read control signal terminals of the photoelectric conver-
sion circuits in each row of the detection units are
clectrically connected to a corresponding read control
signal line.

17. The photoelectric detection substrate according to
claim 9, further comprising a plurality of read output lines
arranged on the base substrate and spaced apart from one
another; wherein one column of the detection units corre-
spond to one read output line; and

read output terminals of the photoelectric conversion
circuits 1 each column of the detection units are
clectrically connected to a corresponding read output
line.

18. A photoelectric detection device, comprising the pho-

toelectric detection substrate according to claim 9.

19. The photoelectric detection device according to claim
18, further comprising: a detection circuit;

the detection circuit comprises a plurality of read circuits;
wherein a column of the detection units correspond to
one of the read circuits; and
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read output terminals of photoelectric conversion circuits
in each column of the detection units are electrically
connected to a corresponding read circuit through a
read output line.
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